sure subsoil NO Ϫ 3 -N uptake in alfalfa , but it is not economically feasible to 
MATERIALS AND METHODS

Plant Materials and Culture
N ew alfalfa germplasms that reduce NO Ϫ1 yr Ϫ1 from below the rooting depths of most annual watering, appropriate cutting intervals, and pesticide applicacrops (Mathers et al., 1975) . Lamb et al. (1993) found tions until initiation of the experiments.
differences in NO Ϫ 3 -N uptake among alfalfa germplasms using the 15 N isotope dilution technique (Legg and 1995 Sloger, 1975) . Stable 15 N isotope has been used to meaFive plants of Webfoot, Agate (Barnes and Frosheiser, 1973) , and Ineffective Agate (Barnes et al., 1990) concentration for all harvest dates in 1994. Response response curve has been used to describe uptake curves of curves were fitted for all three harvest dates using the phosphate in legumes (Barrow and Mendoza, 1990) . In Exp. 2, the response of molar ratio of NO Ϫ 3 -derived N:Br Ϫ reflected in the herbage was fit to the Mitscherlich equation.
Model building techniques were used to test the hypothesis that regression lines from different harvest dates in 1994 had the same slope for the molar ratio of NO Ϫ 3 -derived N:Br Ϫ in Exp. 2 (Weisberg, 1985, p. 179-183; Weisberg and Cook, 1990) . A general model (all harvest dates had unique intercepts and slopes) was compared with more restrictive models (some or all harvest dates had the same slope but unique intercepts). Restrictions to the model were rejected if they increased error sums of squares significantly (P Ͻ 0.05) (Weisberg and Cook, 1990) . Finally, restrictions were applied to test for effects of harvest date on intercept coefficients (P Ͻ 0.05). Nitrate-N uptake, Br Ϫ uptake, and the molar ratio of NO Ϫ 3 -derived N:Br Ϫ were significantly different for treatments and harvest date and there was a treatment ϫ 
RESULTS AND DISCUSSION
Br
Ϫ uptake (Table 1) . As herbage regrowth progressed, Nutrient uptake rate may be regulated by plant developmental stage (Imsande and Edwards, 1988) . Our results suggest that plant selection should occur on a single harvest date when plants are uniform in maturity. As length of exposure to tracers increases and as tracer concentrations increase, plant uptake increases within the response range of the plant. In our study, plant material harvested at 15 d was vegetative and at 35 d was in full bloom and reproductive, whereas plants at 25 d were mixed in stage of development. Therefore, to ensure that differences are due to uptake and are not confounded by phenological changes, a later harvest date (before seed development) would produce more stable results and allow maximum response to the tracer. Selection for NO Ϫ 3 -N uptake using Br Ϫ uptake will require repeated tracer (Br Ϫ ) and NO Uptake of NO Ϫ 3 -N and Br Ϫ differed for treatments rescaled Mitscherlich equation (r 2 ϭ 0.99 for all dates) and harvest date, and there was a treatment ϫ harvest (Fig. 1) . As solution concentrations increased, response date interaction for NO (Table 2) . to added NO Ϫ 3 plateaued. This effect is consistent with Germplasm entries also differed in NO Ϫ 3 -N uptake. The the general observation that response to a limiting nutriinteraction of tracer concentration in solution with harent decreases as nutrient need is fulfilled (Barrow and vest date was again one of magnitude and not direction Mendoza, 1990) . Nitrate-N uptake rate increased as har- (Fig. 1, 2 ). Plants at 30 d had much higher NO The ratio of NO Ϫ 3 -derived N:Br Ϫ in herbage was sigthroughout vegetative growth, peaked during reproducnificantly different for germplasm entries, harvest dates, tive stages, and then declined during pod and seed develand their interaction (Table 2) . Treatment ϫ harvest opment (Imsande and Edwards, 1988) , consistent with date interaction for ratio of NO Ϫ 3 -derived N:Br Ϫ in our results.
herbage was evident, because treatments did not alter Bromide uptake increased linearly as Br Ϫ treatment tracer ratio in alfalfa at 15 d, but the ratio increased concentration increased at all harvest dates (Table 1; with higher solution concentrations at 30 d (Fig. 3) . Fig. 2) , in contrast to the curvilinear trend in NO Ϫ 3 -N Lack of stability at the 30-d harvest may be due to uptake. This was probably due to the much lower conphenological stage, presuming that alfalfa behaves like centration range used for Br Ϫ than for NO Ϫ 3 -N (200-the grain legumes studied by Imsande and Edwards fold lower on a molar basis). We used relatively low (1988) . The 30-d harvest in 1995 was comparable to the concentrations of Br Ϫ to avoid possible toxicity to the 25-d harvest in 1994, with plants mixed in maturity from alfalfa, to minimize tracer costs, and to reduce potential vegetative to early reproductive stages. As with tracer environmental impacts of using Br Ϫ in the field. The uptake, the germplasm entry ϫ harvest date interaction linear relationship between the amount of Br Ϫ applied was one of magnitude and not direction. At 15 d, Ineffecand that absorbed by the plant is consistent with results tive Agate had a higher ratio of NO Ϫ 3 -derived N:Br Ϫ in of Chao (1966) in sorghum. Mechanisms of Br Ϫ uptake herbage and was significantly different from Webfoot are not fully understood, but studies suggest that Cl Ϫ and Agate, but by 30 d the entries did not differ. and Br Ϫ use the same carrier mechanism. Epstein (1953) Nitrate-N uptake response for both harvest dates was found that Cl Ϫ competitively inhibited Br Ϫ uptake, curvilinear (Table 2) and was fit to the rescaled Mitschwhereas NO Ϫ 3 had an uncompetitive or perhaps nonerlich equation (r 2 ϭ 0.99 for both harvests) (Fig. 1) . competitive effect on Br Ϫ uptake in excised barley Agate had significantly higher NO ). take was linear with the concentration ranges used in Alfalfa germplasms responded similarly in N uptake to this experiment, the molar ratio of NO (Table 2 ; Fig. 2 ). vest date, but followed a quadratic response (Table 1) . using Br Ϫ may ultimately fail, and field testing of selections made using this procedure with direct measurement of NO Ϫ 3 uptake (using 15 N-labeled NO Ϫ 3 ) will be needed.
Selection should take place in a population of plants that have received a relatively constant supply of Br Ϫ . Plants should have a uniform stage of maturity (fully reproductive) and should be harvested later, rather than early, in the regrowth cycle to maximize uptake. Our data support the idea that selection for NO Ϫ 3 uptake using Br Ϫ uptake will not be affected by moderate concentrations of NO Ϫ 3 -N in the soil. Plant selection for NO Ϫ 3 -N uptake using Br Ϫ uptake as a selection criterion would result in minimal selection error, and plants selected for high Br Ϫ uptake would also be high in NO Ϫ
